Weexamined the usefulness of color-coded Doppler echography for evaluating hemodynamics in patients with subclavian steal syndrome. Eighteen patients with subclavian steal syndrome, aged 54 to 77 years, were investigated. The diagnosis was confirmed by conventional angiography and pulsed-wave Doppler sonography. Using color-coded Doppler echography, the common, internal and external carotid and vertebral arteries and the subclavian artery on the affected side were visualized. In all patients, color-coded images of the antegrade common carotid arterial flow and the retrograde vertebral arterial flow on the affected side were obtained. Rapid flow through stenotic lesions and reflux fromvertebral to subclavian arteries at the vertebral arterial ostia were observed. Color-coded Doppler echography is superior to duplex echography without the colorcoded mode, because the flow through the affected vertebral and subclavian arteries can be easily traced in detail and the images are persuasive. This method is beneficial for diagnosing subclavian steal syndrome. (Internal Medicine 37: 259-264, 1998) 
Introduction
A phenomenonof reversed vertebral arterial blood flow caused by proximal occlusion of the subclavian artery was first proved visually by Contorni (1) in 1960, and Fisher (2) later termed this phenomenon"subclavian steal". Angiography was initially used to diagnose subclavian steal syndrome (SSS) (3) (4) (5) (6) (7) , but recently noninvasive Doppler ultrasound (8-1 1) and duplex echography (12) (13) (14) (15) (16) have becomethe most common diagnostic tools for this purpose. Several investigators ( 17-21) have suggested that color-coded Doppler echography is particularly advantageous for diagnosing carotid arterial lesions in comparison with duplex echography without the color-coding mode. Clear images of normal vertebral arteries have been obtained using color-coded Doppler sonography (22) . Although a few investigations of abnormal hemodynamic states in cervical vessels have been published (23, 24), systematic evaluation of the hemodynamicstate in SSS has never been done using this method.
In this study, we investigated the usefulness of color-coded Doppler echography for evaluating the hemodynamic state in 18 patients with SSS diagnosed by pulsed-wave Doppler echography and confirmed by conventional angiography.
Subjects and Methods
Between 1991 and 1995, 1,533 patients with possible cervical vessel lesions were examined by pulsed-wave Doppler echography and color-coded Doppler echography in our hospital. The symptomsand signs in these patients comprised dizziness, vertigo, neck bruit and anisotension between the brachial arteries. Patients with ischemic heart disease, arteriosclerosis of the lower limbs or aortitis syndromewere also screened if they had no neurological symptoms. Informed consent was obtained from all the study participants. The diagnosis of SSS was made according to the following hemodynamic criteria (6) Eighteen patients, aged 54 to 77 years, with SSS were found among the 1 ,533 patients by pulsed-wave Doppler evaluation (Table 1 ) . Flow-reversal was detected using pulsed-wave Doppler sonography, and obstruction or stenosis and vessel patency were confirmed by conventional angiography in all 1 8 patients ( Figs. 1 and 2 ). Six had right, and 12 had left subclavian arterial lesions. Six had complete obstruction and the other 12 had stenotic lesions in the subclavian artery. All patients showed evidence of atherosclerosis or aortitis from whichthe stenoses or occlusions had resulted. These findings were assessed on the basis of clinical history, serological data and conventional angiography.
Pulsed-wave Doppler and color-coded Doppler echography with an echograph (SONOS 1000, Hewlett-Packard) were performed using 7.5-MHz linear-type or 5-MHz sector-type probes as transducers. This system enabled the pulsed-wave Doppler function to be used to assess the local blood flow, and displayed a gray-scale B-modeimage of the vascular structures with superimposed color-coded information (red or blue). The angle-corrected flow velocities of eight vessels (the bilateral common, internal and external carotid and vertebral arteries)
were measured using the pulsed-wave Doppler mode, and the maximal and mean flow velocities through each vessel were assessed.
The 7.5-MHzprobe was used to examine the anterolateral cervical region, and the 5-MHzsector-type probe was utilized to search deep tissues for lesions such as subclavian arterial stenoses. The patients were examined in the supine position with the head turned slightly away from the probe. The probe for color-coded Doppler sonography was placed in the supraclavicular fossa. After the subclavian artery and origin of vertebral arterial branching had been identified, the probe was replaced on the anterolateral portion of the neck. The plane showing both the commoncarotid artery and the vertebral artery penetrating the transverse canal was selected. Subsequently, the ostium in the subclavian artery was detected by tracing the vertebral artery towards its proximal portion. The methodology described in a previous report (22) was followed in order to approach the vertebral artery.
Results
The maximaland mean flow velocities of cervical vessels obtained from the 18 patients by pulsed-wave Doppler sonography are shown in Table 2 artery were apparent, and no stenotic lesion was detected. In cases 2 and 10, signals due to flow to the ascending cervical or internal thoracic arteries were identified as collateral flow around the stenotic lesions. Vertebral arterial branching from the affected subclavian artery distal to the stenosis, and intermittent vertebral arterial reversed flow into the subclavian artery (Fig. 5) , were observed through the supraclavicular approach in all patients, and the subclavian arterial flow patterns distal to the stenotic sites were similar to those of the ipsilateral vertebral arteries. Neither anatomically high-grade variations nor hypoplastic vertebral arteries were found at the cervical trunk. The internal carotid arteries in cases 1, 14 and 17 could not be detected. No stenosis or severe arteriosclerosis was observed along the full extent of the vertebral arterial tracing.
Discus sion
In this study, color-coded Doppler images revealed an aberrant hemodynamicstate in 1 8 patients with SSS. There was evidence of stenosis at a proximal site of the subclavian artery (Fig. 4 ). An image of pathological vertebral arterial flow into the subclavian artery was obtained from the patients (Fig. 5) . Tracing of the vertebral artery to its proximal portion is very difficult in such cases, even if the equipment employed has a high resolution. On the other hand, in most cases of SSS, the vertebral vessels are relatively well developed including the affected side, and it seems to be easier to detect vertebral arteries in SSS than in normal individuals. Flow-reversal velocities differed among patients. The retrograde flow velocities in somecases were approximately equal to the arterial flow velocities, while slowretrograde vertebral streams with velocities as low as those of venous flow were found. This variability could have been brought about by several factors such as the severity of subclavian artery stenosis, the state of the intimal surface affected by arteriosclerosis or inflammation, the degree of blood flow into the cranial fossa via the contralateral vertebral artery and basilar artery, and the extent of the collateral system around the stenotic lesion. We were able to evaluate the blood flow in all the extracranial vessels quantitatively, making it possible to assess the changes in these values objectively either when following up the cases, or upon comparativeevaluation before and after by-pass surgery for SSS. Angiography did not demonstrate such substantial differences in detail, although it maystill be superior to duplex scanning for spatial analysis and measurement of vessel diameter.
In patients with incomplete obstruction or stenosis of the subclavian artery, the vertebral arterial blood flow did not always showa continuous reversal pattern, because the type of vertebral arterial reflux varied from patient to patient, and alternating flow (10) or to-and-fro movement (1 1) may occur.
Thus it maybe difficult to detect these hemodynamicchanges using conventional angiography. Furthermore, repeated surveillance using conventional angiography is not available for clinical observation of hemodynamics. In contrast with these drawbacks of angiography, color-coded Doppler echography enables physicians to routinely follow up patients with subclavian artery stenosis without reflux of vertebral flow. Furthermore, color-coded Doppler echography is superior to other ultrasound techniques for identifying abnormal hemodynamic states of the vertebral artery system, because the vessels are located more deeply in the neck and are smaller in diameter than those of the carotid system. Serial follow-up studies of surgically treated patients might also be possible with this method.
In conclusion, color-coded Doppler echography is more useful than conventional angiography for screening of SSS, evaluation of changes in the hemodynamicstate in these patients and for following them up, because it is safe, noninvasive, accurate and gives consistently reproducible data.
